Luteinizing hormone (LH) is luteotropic and directly stimulates secretion of progesterone in vitro by luteal tissue (Kaltenbach et al., 1967) which is associated with increases in c-AMP (Marsh et al., 1966) . Infusions of LH in vivo maintain luteal function in hypophysectomized sheep (Kaltenbach et al., 1968) .
This response to LH in vitro is through LH actions on the small luteal cell (Niswender et al., 1986) . Decreases in the secretion of progesterone in vivo in cattle (Garverick et al., 1985) and sheep (Agudo, Zahler and Smith, 1984) are associated with decreases in c-AMP which are followed by decreases in receptors for LH (Diekman et al., 1978) after 7.5 hours in luteal tissue, and a reduction in ovarian blood flow to the luteal-bearing ovary (Niswender et al., 1976) .
Secretion of prostaglandin F2a (PGF2a) by the uterus is related to the decline in progesterone in sheep which is called luteolysis (Pexton, Weems and Inskeep, 1975) . Exogenous PGF2a causes a precocious decline in progesterone in sheep (Douglas and Ginther, 1973) or cattle (Fogwell et al., 1978) . Prostaglandins E1 or E2 (PGE1; PGE2) are antiluteolytic, prevent luteolysis, in vivo in sheep (Weems et al., 1985a) through modulation of LH receptors Weems et al., 1985b) but only when infused intrauterine adjacent to the ovary with a corpus luteum Magness et al., 1981) . PGE1 or PGE2 stimulates progesterone secretion by ovine luteal tissue in vitro and are thus luteotropic (Marsh, 1971) .
In vitro, adenosine enhances and PGF2a antagonizes LH gonadotropic responses by suspensions of luteal cells from superovulated pseudopregnant rats (Behrman et al., 1982) . Adenosine, PGE1 and PGE2 have similar actions on lipolysis (Arch and Newsholme, 1980) , platelet aggregation (Baer and Drummond, 1979) , steroidogenesis by adrenal cortical cells (Londos, Cooper and Wolff, 1980) , and vasodilation of arterial vasculature (Baer and Drummond, 1979) . In addition, adenosine, PGE1, and PGE2 are released under hypoxic conditions (Berne, Rubio and Curnish, 1974; Ogawa et al., 1980) . These actions of adenosine, PGE1 and PGE2 are mediated in part by c-AMP (Brennan et al., 1983; Marsh, 1971 ). Therefore, the objective of these studies was to determine if adenosine or dibutyryl c-AMP (Fig.3) .
Discussion
The maintenance of luteal function in vivo in ewes by chronic intrapedicle infusions of dibutyryl c-AMP (Fig.1) supports the in vitro data that c-AMP is a second messenger for steroidogenesis in luteal tissue. In addition, LH stimulates progesterone production by luteal tissue in vitro through increases in c-AMP (Marsh et al., 1966) . Whether this action of dibutyryl c-AMP is through the small luteal cell, large luteal cell or both remains unknown. Steroidogenesis in small luteal cells of sheep in vitro has been reported to be regulated by an LH-c-AMP-dependent mechanism while a similar mechanism has not been clearly established for the large luteal cell of sheep (Niswender et al., 1986 ). This conclusion is based upon data where cholera toxin or forskolin but not LH increased intracellular concentrations of c-AMP in large luteal cells of sheep in vitro without a concomitant increase in the secretion of progesterone (Hoyer, Fitz and Niswender, 1984) . In addition, PGE2 enhanced secretion of progesterone by large luteal cells of sheep in vitro without increases in c-AMP . Therefore, c-AMP-mediated increases in secretion of progesterone in vitro or in vivo may be through the small luteal cell; or c-AMPmediated actions in small luteal cells may produce a paracrine factor that stimulates large luteal cells to secrete progesterone since large luteal cells are not responsive to LH in vitro (Hoyer, Fitz and Niswender, 1984) ; or c-AMP enhances conversion of small to large luteal cells (Braden, Gamboni and Niswender, 1988) . Large luteal cells account for approximately 80 percent of progesterone secreted by the corpus luteum (Hoyer, Fitz and Niswender, 1984) but they account for a smaller percentage of the population of cells in the ovine corpus luteum (Rodgers, O'Shea and Bruce, 1984; Farin et al., 1986) . It is proposed that the effects of dibutyryl c-AMP (Fig.1) are to stimulate steroidogenesis directly at the small luteal cell followed by the production of a paracrine factor by the small luteal cell to regulate steroidogenesis in the large luteal cell. This would best explain the proposed rapid luteolytic mechanism of PGF2a which is uncoupling of the LH-LH receptor complex from adenylate cyclase .
Data presented in Figure 2 show that adenosine can delay a natural luteolysis in sheep in vivo and increase the overall mean concentration of progesterone which is consistent with the in vitro actions of adenosine which antagonizes the negative effect of PGF2a on LH by luteal preparations in pseudopregnant rats (Behrman et al., 1982) . These effects of adenosine reported herein were seen only when adenosine at the dose tested was infused around the ovarian vascular pedicle but not when the same dose was infused intrauterine adjacent to the ovary containing the corpus luteum ( Fig. 2 and 3) . Adenosine produces large increases in c-AMP in LH-dependent production of c-AMP and secretion of progesterone by luteal cells from superovulated immature rats in vitro (Behrman et al., 1982) . These enormous increases in LHdependent production of c-AMP caused by adenosine in vitro are similar in magnitude to that in response to cholera toxin and forskolin (Dorflinger et al., 1983) and similar to that produced in luteal membrane preparations in vitro caused by GTP analogues and fluoride (Behrman, Albert and Preston, 1984) . Thus, the response to adenosine seen in Fig. 2 probably augments gonadotropic actions of LH at the small luteal cell.
This progonadotropic response to adenosine in vitro in the presence of LH is predominantly intracellular and is associated with an increase in ATP (Brennan et al., 1983) . However, this increase in ATP is probably not the direct mediator of this action of adenosine as ATP does not increase c-AMP in isolated luteal membranes when incubated with LH (Brennan et al., 1983) . However, tissues have high affinity receptors on membranes for adenosine (Daly, 1982) which implies a direct effect of adenosine on the plasma membrane. This action of adenosine could be dependent on ATP or some response parallel with the production of ATP. The synthesis of GTP is ATP dependent and mechanisms could maintain a constant ratio of these two types of nucleoside triphosphates to each other . Adenosine could cause increases in GTP which would enhance coupling of the LH receptor to adenylate cyclase (Behrman, Albert and Preston, 1984) since adenosine increases ATP in luteal tissue (Brennan et al., 1983) . These mechanisms may account for the profiles and increased mean concentrations of progesterone for adenosine-treated ewes seen in Fig. 2 .
Another possible mode of action for adenosine could be the reduction of inhibitors to coupling of the LH-LH receptor complex to adenylate cyclase. Acute effects of PGE1 have been shown to consistently double the amount of LH bound to ovine luteal membranes in vivo 48 or 72 hours post treatment (Weems et al., 1985b) and to increase the amount of unoccupied receptors for LH when ovine corpora lutea are treated concomitantly with PGE1 and PGF2a . PGE1 could be increasing the amount of LH bound and coupled to adenylate cyclase via increases in adenosine which have been shown to have receptors on the inner and outer surfaces of membranes in other tissues (Daly, 1982) .
Inhibitory mechanisms demonstrated in luteal tissue are Gonadotropin Releasing Like Ovarian Hormone (GLOH) (Aten, Williams and Behrman, 1986) , GnRH (Hall and Behrman, 1981) and calcium ions (Dorflinger et al., 1984) . GLOH has been isolated from ovine and bovine luteal tissue (Aten et al., 1987) and rat luteal tissue (Aten, Williams and Behrman, 1986) . GLOH reduces the response to gonadotropin by luteal cells in vitro (Aten, Williams and Behrman, 1986) and GLOH from ovine and bovine corpora lutea suppresses the binding of a GnRH analogue to rat luteal membranes (Aten et al., 1987) . GnRH is luteolytic in rat luteal tissue in vitro (Hall and Behrman, 1981) and calcium ions are rapid and potent inhibitors of adenylate cyclase in rat luteal cells in vitro as well as a GTP antagonist (Behrman, Albert and Preston, 1984) . GTP binding to adenylate cyclase is an important allosteric activitor of steroidogenesis . In addition, adenosine could be a paracrine agent enhancing interaction between small and large luteal cells since PGF2a does not decrease small and large luteal cells in the same time period (Braden, Gamboni and Niswender, 1988) . Another concomitant action could be through vasodilatory actions on cvarian arteries by adenosine which is through c-AMP (Berne, 1985) which could enhance delivery of LH to support steroidgenesis (Kaltenbach et al., 1967) .
The dose of dibutyryl c-AMP and adenosine (1mg) used in Experiments 1 and 2 may be considered pharmacological doses.
However, preliminary data with lower doses were ineffective presumably due to the short half life of adenosine in blood as a result of the catabolic activity of adenosine deaminase for review). PGE2 given intrapedicly is ineffective as an antiluteolysin at dose ranges lower than 500 pg and is luteolytic at doses above this range. In addition, treatments with molecules that are catabolized rapidly and given intrapedicly are absorbed into the ovarian vein and bypass the ovary and only the portion of the dose absorbed into the ovarian artery will directly stimulate the ovarian compartments.
The initiation and duration of the treatments in Fig. 1 , 2 and 3 are 4 days before the onset of natural luteolysis and the last day in which an embryo can be transferred to a recipient ewe to prevent luteolysis and throughout the period required for the completion of luteolysis. This treatment is the same as that reported for the studies on PGE1 and PGE2 as antiluteolysins in sheep (Weems et al., 1985 for review). PGE1 and PGE2 are luteotropic in vitro (Marsh, 1971) and antiluteolytic in vivo Weems et al., 1985a) . These antiluteolytic effects of PGE1 and PGE2 are seen only when chronic intrauterine infusions are adjacent to the ovary containing the corpus luteum (Weems et al., 1985a) . In addition, acute intrapedicle treatments of PGE1 or PGE2 are luteotropic in vivo through increases in the amount of LH bound to luteal membranes (Weems et al., 1985b) . In the studies presented herein, adenosine or dibutyryl c-AMP only prevented luteolysis when infusions were intrapedicle but not when infusions were intrauterine (Fig.1, 2 and 3 ).
In conclusion, dibutyryl c-AMP or adenosine can delay natural luteolysis and both may play roles in luteal secretion of progesterone in vivo by sheep but are probably not the direct embryonic antiluteolysin of early pregnancy which is secreted by the uterine-embryonic interaction and is delivered locally from the uterine branch of the ovarian vein to the adjacent ovarian artery (Mapletoft, Lapin and Ginther, 1976) .
